One possibility for why individual differences in behavioral plasticity are frequently associated with differences in personality might be that variation in personality is functionally related to variation in cognition. Evidence supporting a link between personality and cognition, however, is still limited and contradictory. In this study, we then conducted a laboratory experiment with zebra finches (Taeniopygia guttata) aimed at examining the role of cognition in shaping individual differences in contextual plasticity (i.e., plasticity in behavior between contexts). Specifically, we measured neophobia by quantifying the latency of the birds to eat near a novel object in two different environments across a social gradient and assessed their learning performance on two discriminant tasks and a reversal task. In agreement with our expectation, we found that less neophobic individuals were less plastic in their responses compared to more neophobic ones. Less neophobic individuals were also faster to reach the learning criterion but only in the less difficult discriminant task they performed first. On the contrary, although we found evidence for individual consistency in learning performances, differences among individuals in the number of trials needed to pass the task in both the more difficult discriminant and reversal tasks were not associated with individual differences in neophobia. Thus, our findings indicate that individual differences in contextual plasticity do not necessarily result from some individuals being more sensitive to environmental changes. Instead, we suggest that differences among individuals in their level of plasticity might result from differences in the number of suitable habitats they may occupy.
INTRODUCTION
Behavioral plasticity is the ability of individuals to change their behavior in response to variations in environmental (including social) conditions. Compared to individuals displaying relatively fixed behaviors, highly plastic individuals should be able to alter their behavior to maximize their success under any given circumstance. Yet, although natural selection should a priori erode variation in plasticity, individuals within the same population generally differ widely among each other in the way they cope with environmental changes (Sih and Bell 2008; Dingemanse et al. 2010; Kluen and Brommer 2013) . A number of studies have reported that individual differences in behavioral plasticity are frequently associated with differences in personality (also referred to coping styles, behavioral syndromes, or temperament). Specifically, experimental evidence indicates that proactive individuals, which are typically more active, explorative, aggressive, and bold than reactive individuals seem to rely on routines, thereby exhibiting limited plasticity (Benus et al. 1987; Benus et al. 1990; Verbeek et al. 1994; Bolhuis et al. 2004; Guillette et al. 2011; Herborn et al. 2014 ). Yet, a few studies found the opposite trend (Frost et al. 2007; Bierbach et al. 2015) . Hence, it remains unclear why personality and plasticity might be related. One possibility for why personality traits would affect the propensity of individuals to adjust their behavior to changing conditions is that variation in personality is functionally related to variation in cognition (Coppens et al. 2010; Carere and Locurto 2011; Sih and Del Giudice 2012; Griffin et al. 2015) , which refers to the mechanisms by which animals acquire, process, store, and act on information from the environment (Shettleworth 2001) . More precisely, it has been suggested that differences in personality among individuals might reflect differences in how they trade-off speed against accuracy (Sih and Del Giudice 2012) : very active and bold individuals would explore their environment rapidly but inaccurately, and hence would be relatively insensitive to external stimuli, whereas less active and shy individuals would be slow and thorough explorers, and hence would pay more attention to external cues.
Although the study of animal personality has received considerable attention over the last decades, our understanding of the interplay among personality, behavioral plasticity, and cognition remains limited and superficial. For instance, a number of studies have shown a correlation between learning speed and personality traits such as exploration (e.g., Amy et al. 2012; Bousquet et al. 2015; Guillette et al. 2015) or neophobia (e.g., Titulaer et al. 2012; Guenther et al. 2014; Trompf and Brown 2014) . However, it remains unclear whether differences in learning performance among individuals are due to differences in their propensity to explore their environment and hence interact with the learning task rather than to differences per se in their ability to solve the task. Also, most authors that have investigated a possible link between personality and behavioral plasticity have focused on 1 particular type of plasticity measured from the rate of reversal learning (e.g., Griffin et al. 2013; Lucon-Xiccato and Bisazza 2014; Pintor et al. 2014 ). Yet, the question of whether and how different types of behavioral plasticities might be related to one another remains unanswered (Stamps 2016) . For instance, if an individual's performance on a reversal learning task assesses its ability to inhibit previously learned information (i.e., its potential plasticity), it does not measure the extent to which it actually changes its behavior in response to changing conditions (i.e., its realized plasticity; Stamps 2016). Finally, most studies on the relationship between personality and cognition failed to demonstrate that individuals show consistent differences in both personality traits and cognitive performance (Griffin et al. 2015) .
In this study, we then conducted a laboratory experiment with zebra finches (Taeniopygia guttata) aimed at: 1) checking that consistent differences in personality among individuals are related to differences in their level of behavioral plasticity and 2) examining the role of cognition in shaping individual differences in behavioral plasticity. More precisely, for each individual, we assessed its level of neophobia in 2 different environments across a social gradient and then we estimated the absolute value of the slope of the reaction norm as a measure of contextual plasticity (Dingemanse et al. 2010; Kluen and Brommer 2013; Stamps 2016) . We assessed the level of contextual plasticity in neophobia because this personality trait is repeatable over consecutive trials in one particular context but varies greatly across different contexts (Kluen and Brommer 2013) . Furthermore, individual differences in neophobia have been found to be associated with differences in activity, exploration, and reaction to startle in zebra finches (David et al. 2011) . We also measured the birds' performance on 2 discriminant tasks (in which the birds had to associate a color cue with a food reward) and on 1 reversal learning task (in which they had to learn a cue-reward association and then modify their response when the reward contingencies changed). We predict that individuals should show consistent differences in both their level of neophobia and learning speed, and that individual differences in neophobia should be negatively associated with differences in contextual plasticity. Furthermore, if there is a trade-off between speed and accuracy in learning (Sih and Del Giudice 2012) , we expect that less neophobic individuals should be faster to reach the learning criterion in the 2 discriminant learning tasks while more plastic (more neophobic) individuals should need less trials to reverse a previously learned association. Finally, the presence of conspecifics has been shown to either encourage (Coleman and Mellgren 1994; Schuett and Dall 2009) or delay (van Oers et al. 2005; Mainwaring et al. 2011 ) object exploration, depending on the social relationships among the individuals involved. Because the presence of others may confer both benefits and costs, the way individuals should modify their behavior according to the social context could also depend on their learning speed if there is a trade-off between learning ability and competitive ability (Mery and Kawecki 2003) . We then investigated whether the raw value of the slope of the reaction norm (used as a measure of behavioral adjustment) was correlated with individuals' learning speed in order to explore whether differences in learning ability, through impacting competitiveness could cause shifts in neophobic responses in opposite directions.
METHODS

Subjects
We used 22 adult zebra finches (10 males and 12 females) aged 6-12 months. All the birds came from a local breeder (Exotic Wings & Pet Things, St Clements, Ontario, Canada) and were housed in same-sex cages (38 × 38 × 48 cm) with a maximum of 4 individuals per cage. Individuals were housed under a 10:14 h dark:light photoperiod and at a temperature of 23 ± 1 °C. None of them had performed any learning task or personality test before. Outside the experimental sessions, they had unlimited access to fresh water, seeds, cuttlefish bone, oyster shell, and egg food supplement. The experiments were conducted between June and September 2013 for males and between November 2013 and August 2014 for females. All individuals were exposed to the 3 experiments in the same order (i.e., discriminant learning tests, personality test, and reversal learning test) and were handled every day during all the duration of the experiments.
Discriminant learning tasks
Experimental apparatus
We estimated the birds' performance in 2 discriminant learning tasks: first (task 1), the birds were provided with 4 feeders of different colors (i.e., green, blue, black, and red) and we also measured the number of trials needed to find 6 consecutive times the rewarded feeder (i.e., the green one); second (task 2), they were provided with 4 white feeders that were placed behind 4 colored dots (i.e., yellow, cyan, pink, and black) and we measured the number of trials needed to find the rewarded feeder (i.e., the feeder placed behind the yellow dot). The birds experienced task 2, 24 h after they had reached the learning criterion in task 1. For both tasks, they were tested individually in the same experimental apparatus (Figure 1 ) made of white foam board and divided into 1 observation chamber (48 × 38 × 32 cm) and 1 choice chamber (48 × 22 × 32 cm) with 4 corridors (12 × 12 × 32 cm) that were separated from each other by a transparent removable partition. The feeders (4.5 × 4.5 × 2 cm), placed at the end of the corridors, could be refilled from the back of the apparatus through a removable partition without disturbing the birds. In addition, for task 2, a wheel, in the back of the apparatus, allowed the display of 4 different colored dots of 4 cm diameter behind the feeders. When in the observation chamber, the birds could simultaneously see the 4 colored dots and feeders.
Procedure
Prior to testing, we trained the birds to eat from the 5 different colored feeders (i.e., white, green, blue, black, and red) that were deposited within their home cages and we insured that no bird had an aversion for 1 particular color. Then, the birds were placed in the experimental apparatus to become familiarized with the environment. They spent at least 3 h per day for 2 weeks in the apparatus, first with another companion from the same housing cage and then alone, until they could explore the 4 corridors and eat without fear from the feeders, whatever their position.
Before each testing day, the birds were food deprived for 3 hours (6:00 to 9:00 AM). They experienced a maximum of 25 trials per day during 4 consecutive days or until they had reached the learning criterion, whichever occurred first. In order to minimize handling stress during the experiment, we let the birds rest for 15 min after they had been introduced in the apparatus and then we did not catch them anymore until the end of the session. At the beginning of each trial, the bird was confined in the observation chamber for 2 min. Then, the observer gently lifted the removable partition, thereby allowing the bird to enter in the choice chamber and choose one of the 4 feeders. The rewarded feeder, whose position changed randomly from 1 trial to the next, always contained 4 millet seeds, while the other feeders were empty. Once the bird had chosen a corridor, we noted whether it had succeeded or failed. If the bird had succeeded, it could eat the 4 seeds before returning to the observation chamber. On the contrary, if the bird had failed, the observer either gently activated the removable partition to encourage the bird to return into the observation chamber if it had obtained food during the previous trial or let it explore the other corridors and find the rewarded feeder otherwise. Such a procedure was adopted to insure that all the birds ate approximately the same amount of food during each session and that differences among individuals in their learning score, therefore, were not due to differences in their level of satiety. Despite the fact that all the birds were familiarized with the experimental apparatus over a 2-week period before being tested, 1 male stopped participating in task 1 after only a few trials, which prevented us to correctly measure its learning score on that task.
Reversal learning task
One to three months after the learning experiment was completed, we tested the birds on a reversal learning task and we measured the number of trials before they reversed their preference for a previously rewarded cue. This experiment was conducted on 2 consecutive days. On day 1, the birds performed the same discriminant learning task as described above where individuals needed to learn which colored feeder was rewarded (i.e., task 1). We chose this task to be sure that all the birds rapidly reach the learning criterion and that learning is consolidated when they are tested in the reversal task. On day 2, we then first verified that all the birds were able to find the rewarded feeder 6 consecutive times, and next we measured the number of trials needed to reverse the previously learned association. The green colored feeder that used to contain seeds was then empty, whereas the 3 other colored feeders were rewarded with 4 seeds. Each bird was tested until it was able to find consecutively two rewarded feeders. All but 4 injured birds (1 male and 3 females) were used for this experiment.
Neophobia
Following Herborn et al. (2010) , we estimated neophobia as the mean baseline latency of the birds (i.e., their latency to feed in the absence of a novel object) minus their latency to feed in presence of a novel object, to control for individual differences in feeding motivation. For each individual, the measure was taken in 2 different contexts, and for each of them we used video recordings (see the Video recordings section for more details) depicted 8 or zero conspecifics. All the birds were food deprived 3 h before the tests. They experienced 3 trials in a day: 2 without a novel object (i.e., at 9:00 and 12:00) and 1 with a novel object (i.e., at 15:00). This series of trials was replicated twice per context. Half of the individuals (N = 10) were tested first with video recordings of 8 conspecifics and then with no companion while the order of the treatments was reversed for the other birds.
Experimental apparatus and procedure
The experimental apparatus was divided into 4 corridors (80 × 20 × 32 cm), thereby allowing 4 birds to be tested in a row. A transparent partition separated the observation chamber (30 × 20 × 32 cm) from the test chamber (50 × 20 × 32 cm) where we placed a feeder. Two screens, placed 10 cm behind the feeders, displayed videos of conspecifics at the end of the corridor. All individuals had been familiarized with the apparatus and trained to eat from the feeders before being tested. At the beginning of a trial, the observer first placed a bird during 3 min in the observation chamber, and then lifted the transparent partition. The bird could then access the test chamber and we measured the time before it started eating from the feeder. For the last trial, a novel object was placed at 1 cm apart from the feeder. Once a bird had reached the feeder, it could eat ad libidum for the duration of the test (i.e., 10 min). A bird that never reached the feeder had a latency of 600 s. Neophobia was measured only once a week in order to avoid habituation to the novel objects that were all of similar size and color (i.e., hairgrips and small plastic figurines).
Video recordings
The video of 8 familiar conspecifics was recorded for 2 hours with a Microsoft LifeCam Studio webcam recorder. There were an equal number of males and females that could interact freely in a home cage containing perches and water. Then, the recordings were edited using Windows Movie Maker so as to make video clips of 18 min. Male courtship songs were greatly limited in the final footage. Screens displayed a stationary picture of the empty cage in the context with no conspecific. Videos were displayed for the Top view of the experimental learning apparatus. In that particular case (i.e., discriminant learning task 2), the 4 white feeders are placed in front of a colored dot and only the feeder placed in front of a yellow dot (i.e., corridor C) contains 4 seeds.
entire duration of the test at the end of each corridor on 2 flat LCD monitors (35 × 20 cm) with screens split into 2 images. The audio was loud enough to imitate the real sound made by birds when housed in the aviary (around 55-65 dB). Previous studies have demonstrated that zebra finches are responsive to conspecifics on video recordings and emit direct songs toward them (Adret 1997; Ikebuchi and Okanoya 1999) . Accordingly, we observed that all the birds responded to the recorded calls and interacted directly with the videos trying to reach their siblings. All the tests were recorded directly on a computer using a Microsoft LifeCam Studio webcam recorder.
Statistical analyses
We estimated the level of neophobia of each bird and in each of the 2 contexts as the relative latency approach (i.e., mean latency to eat without a novel object estimated from the 2 repetitions minus latency to eat with a novel object). We excluded 2 individuals (1 male and 1 female) because they never ate from the feeder in either of the 2 trials without a novel object, which prevented us from correcting their level of neophobia by subtracting their baseline latency.
For each bird, we also calculated 1) its level of contextual plasticity as the absolute value of the slope of the reaction norm and 2) its level of behavioral adjustment as the raw value of the slope.
First, to investigate whether the latency to approach a novel object was affected by the social context, we ran a linear mixedeffect model with Gaussian distribution using the package lme4 for R. The level of neophobia was entered as the dependent variable while the social context, the replicate number, and the order of the treatment were considered as fixed factors. We ran the model while including or excluding 1) a random intercept for the bird's identity, 2) a random slope for identity over social conditions to examine individual differences in behavioral adjustment across the 2 social conditions, and 3) a random slope for identity over replicates to examine individual differences in behavioral adjustment over the replicates. Then, we compared the likelihood of the models with or without each random effect using the package Anova for R (Schielzeth and Forstmeier 2009) . We used again a Gaussian distribution for error terms.
Second, we tested whether the different learning scores (i.e., the number of trials to reach the learning criterion in the discriminant leaning tasks 1 and 2 and in the reversal learning task) were related to each other using Pearson correlations.
Third, we used backward stepwise regression analyses to determine which variables (i.e., contextual plasticity, learning speeds on the discriminant, and reversal tasks) best predicted neophobia. For each dependent variable, we retained the model that provided the best fit based on the Akaike's information criterion. As several individuals had a very low score of neophobia, we controlled for a floor effect by conducting the analyses while including and excluding individuals whose average latency approach without a novel object was less than 10 s.
Fourth, because individuals reacted differently to the social context (i.e., some individuals decreased their latency to approach a novel object when more companions were present but others did the inverse), we tested whether the raw value of the slope of the reaction norm (i.e., behavioral adjustment) was related to the birds' learning scores using a linear regression. We checked whether the reported effects were affected by the sex of the birds and, when required, we added the sex as a categorical variable (female = 1; male = 2) in the models.
Plasticity and personality measures were log transformed in order to satisfy the assumption of normality. All statistical analyses were performed using R 3.0.3 with thresholds set at 0.05.
RESULTS
Comparison of the models, that include and exclude the bird's identity as a random effect, revealed that individuals differed consistently among each other in their level of neophobia (χ 2 1 = 16.387, P < 0.001). Similarly, mixed-model analyses indicated that individuals significantly differed in the way they adjusted their level of neophobia across the social conditions (χ 2 3 = 16.527, P = 0.001) and the replicates (χ 2 3 = 16.425, P = 0.001). Yet, the replicate number (t 58 = 0.384, P = 0.703) and the order of the treatment (t 18 = −1.433, P = 0.169) had no significant effect on their average level of neophobia.
The mean number of trials required to reach the learning criterion was 21.43 (±7.58) on the learning task 1, 45.91 (±23.02) on the learning task 2, and 20.78 (±15.30) on the reversal learning task. On average, the birds needed more trials to reach the learning criterion in task 2 than in the 2 other tasks (t 52 = 5.617, P < 0.001). Individual differences in learning scores were not explained by the sex of the birds (t 52 = 0.683, P = 0.498) or their level of neophobia (t 52 = 0.956, P = 0.344). We found a positive correlation between the performance scores on the 2 discriminant tasks (N = 21, R = 0.454, P = 0.039) and a negative correlation between the number of trials females required to pass task 2 and the speed at which they reversed a previously learned association (N = 9, R = −0.771, P = 0.015; Figure 2 ). However, no such correlation was detected in males (N = 9, R = −0.451, P = 0.223; Figure 2 ) and we found no correlation either between individual scores on learning task 1 and reversal learning task (N = 17, R = −0.192, P = 0.461). Finally, we found no significant relationship between contextual plasticity and reversal learning speed (N = 18, R = −0.013, P = 0.960), neither in females (N = 9, R = 0.311, P = 0.416) nor in males (N = 9, R = 0.168, P = 0.666). Neophobia was best explained by plasticity and learning speed on task 1 (Table 1) , with less neophobic individuals exhibiting less plasticity in their level of neophobia (Figure 3 ; t 16 = 6.671, P < 0.001) and being faster learners compared to more neophobic individuals (t 16 = 2.428, P = 0.032).
On the other hand, neophobia was not correlated with individuals' learning speed on the discriminant learning task 2 (t 16 = −0.276, P = 0.787) and on the reversal learning task (t 16 = −0.650, P = 0.528). These results were robust even when we excluded from the analyses individuals with very low values of neophobia; neophobia was still best explained by plasticity (t 10 = 5.814, P = 0.001). Yet, learning scores on the 3 learning tasks had no significant effect and hence were excluded from the model (task 1: t 10 = 0.262, P = 0.802; task 2: t 10 = −1.358, P = 0.223; reversal task: t 10 = −0.343, P = 0.743). The reported effects were independent of the sex of the birds, which, therefore, was not included in the model. Finally, the raw value of the slope of the reaction norm was negatively correlated with learning score on task 2 in males (t 8 = −4.644, P = 0.002; Figure 4 ) but not in females (t 10 = −0.341, P = 0.741). Fast learning males, therefore, tended to increase their latency to approach a novel object as the number of companions increased, while those who took more time to reach the learning criterion on the discriminant task 2 tended to reduce the latency time to approach a novel object with 8 rather than no companions.
DISCUSSION
In agreement with our expectation, we found a significant relationship between neophobia and contextual plasticity, with less neophobic individuals exhibiting less plasticity in their responses compared to more neophobic individuals. Moreover, less neophobic individuals were also faster learners, but only in the less difficult task where the birds needed the fewest trials to reach the learning criterion. On the contrary, although the performance scores on the 2 discriminant learning tasks were positively correlated, which demonstrates that individual differences in cognitive abilities were consistent (Griffin et al. 2015) , differences among individuals in the number of trials needed to pass the task in both the more difficult discriminant and reversal tasks were not associated with individual differences in neophobia.
Our results apparently contradict a number of earlier studies reporting significant correlations between personality traits and learning performance (Guillette et al. 2009 Titulaer et al. 2012; Brust et al. 2013; Carazo et al. 2014; Guenther et al. 2014; Trompf and Brown 2014; Bousquet et al. 2015 ). Yet, 2 reasons may explain why some individuals need less time than others to learn: either faster learners appear better to assess new situations and adjust their behavior accordingly simply because they explore their environment more quickly and hence encounter those new situations faster than do slow explorer individuals, or they actually differ in their sensitivity or ability to learn tasks. The effect of personality on learning reported by previous studies was probably due in most cases to differences in novelty responses among individuals that had not been sufficiently familiarized with the experimental apparatuses (but see Titulaer et al. 2012) , rather than to differences in cognitive ability. This statement is consistent with our finding that individual differences in neophobia was related to individual differences in learning speed only on the task that the birds experienced first and for which their performance, therefore, was more likely affected by how they reacted to novelty. A recent study by Ducatez et al. (2015) reported similar results in wild-caught Carib grackles (Quiscalus lugubris): the authors demonstrated that shyness was associated with problem-solving success but only for the first task the birds performed, while it has no significant effect on their success on any of the subsequent tasks. Furthermore, although we found a negative relationship between the number of trials females required to learn the most difficult discriminant task and their performance on the reversal learning task, as expected under the speed-accuracy trade-off hypothesis (Sih and Del Giudice 2012) , neophobia was associated with none of these variables. Differences in contextual plasticity between personality types, therefore, seem unrelated to differences in cognitive types in zebra finches.
Thus, our findings indicate that individual differences in contextual plasticity do not necessarily result from some individuals being less sensitive than others to environmental changes. The most objective way to quantify the level of contextual plasticity of individuals, therefore, remains to directly measure the change in their behavior resulting from changes in their environment for each studied trait (e.g., Morand-Ferron et al. 2011) , instead of relying on reversal learning that is regularly used as a proxy for behavioral plasticity. Supporting this claim, we found that the speed at which adult zebra finches reversed a previously learned association was not correlated with their level of behavioral plasticity in neophobia estimated from the slope of the reaction norm. As highlighted by Stamps (2016) , it is then crucial to make the distinction between potential and realized plasticity, to be able to compare the results of different studies. We suggest that differences in contextual plasticity that are not explained by differences in learning ability could result from differences in the number of suitable habitats that each behavioral type may occupy. More precisely, neophobic individuals could be as sensitive to environmental changes as less neophobic individuals but more willing to modify their behavior because they can forage only in particular conditions (i.e., in familiar environments with low predation pressure) and hence have to adjust their behavior whenever the conditions are modified. This interpretation is consistent with the prediction from a recent simulation model that more neophobic individuals, who are more constrained in their choice of habitat compared to less neophobic individuals, should be more responsive to changes in predation pressure (Dubois and Giraldeau 2014 ). An interesting avenue to explore would then consist in investigating to what extent contextual plasticity results from a decision versus cognitive limitations.
Finally, we found that the birds did not all reduce their latency to approach a novel object when more companions were present and that the way males (but not females) modified their behavior according to the social context was related to their performance on the most difficult discriminant task. More precisely, faster learning males tended to increase their latency as the number of companions increased while slow learners approached more quickly the novel object when more companions were present. This finding suggests that the costs of learning, though impacting an animal's competitive ability (Mery and Kawecki 2003) , would affect how individuals respond to changes in their social environment. Indeed, although the presence of others can confer several antipredatory advantages (Krause and Ruxton 2002) , increasing group size also increases competition for limited resources. Yet, the balance between benefits and costs of living in large groups depends on individuals' competitive ability: more competitive males should have a higher tendency to aggregate compared to weaker competitors. Although we did not directly measure the males' competitive ability in our study, this explanation is very likely as males with the highest learning performance, and hence with the presumably weakest competitive abilities, took less time to reach the food when there was no bird behind the feeder. Hence, our study suggests that shifts in neophobia in males would be mainly determined by their competitive ability.
In conclusion, although less neophobic individuals were less plastic in their responses compared to more neophobic ones, individual differences in neophobia were associated with differences in learning performance only on the less difficult task that the birds performed first. Our findings therefore suggest that individual differences in contextual plasticity would not necessarily result from some individuals being less sensitive than others to environmental changes. Instead, we suggest that differences among individuals in their level of plasticity might result from differences in the number of suitable habitats they may occupy, but this hypothesis remains to be experimentally tested.
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